The Cretaceous pole position for North America is quite well determined at lat 64°N, lon 187°E , with A95 of 6° (McElhinny, 1973) . The youngest rocks giving this pole position have ages greater than 80 Ma. Three reliable Eocene pole positions are all near the present rotation axis (1¢vlie and Opdyke, 1974; Shive and Pruss, 1977; Shive and others, 1977) . Clearly, a large amount of apparent polar wander must have occurred during latest Cretaceous and Paleocene time . . Prior to this study the only Paleocene pole position based on more than five sites was that 0 given by But!er and Taylgr (1978) a5 lat 75 .9 N, lon 147.7 E (dp = 2.7, dm = 4.1 ).
However, they speculated that because this po l e was derived from a study of sedimentary rocks (of t he Nacimiento Formation) , the data may be subject to a signi fi cant inclination err or. Thus it is essential that Pal eocene volcanic rocks be studied in order to more confidently deter mine the details of the apparent polar wander path for this time interval. In turn, the desired data could shed some light on whether the initiation of this episode of rapid apparent polar wander is coincident with t he onset _of the Laramide orogeny at about 80 Ma . This paper presents results of a paleomagnetic study of lower Paleocene volcanic rocks from sou th-· eastern Arizona.
The Gringo Gulch Volcanics (lat 31.53°N, 249.21°E) are largely a sequence of rhyolitic to dacitic tuffs, with some andesitic flows. The total stratigraphic thickness probably exceeds 1600 feet (Drewes, 1972) . Our study was restricted to the flat -lying andesite flows in the upper portion of the sequence.
The Gringo Gulch Volcanics unconformably overlie a diorite whose youngest phase has been dated as 65 Ma. Also, the volcanics are believed to be older than several nearby hornblende dacite plugs which have K-Ar ages of 56.4 -61. 5 Ma (all K-Ar ages have been recalcul ated using revised decay constants given by Steiger and Jager, 1977) . On the basis of these geologic relationships, tbe Gringo Gulch Volcanics are dated as being between about 60 and 65 Ma (Drewes, 1 9i2) . This age seems especially reasonable when considering that the Gringo Gulch Pluton, which the volcanics are believed to be genetically related to and only slightly older than, has a K-Ar age of 61.5 Ma (Drewes, 1976}. Four to s i x oriented samples were collected from twenty-six flows using standard coring techniques. Alternating-field (AF) demagnetizations were performed using a Schonstedt GSD-1 demagnetizer while remanence measurements were done using a ScT-102 cryogenic magnetometer.
Stepwise AF demagnetizations to peak fields of 1,000 oe were carried out for selected samp l es, including most of those whose directions of natCopyright 1980 by the American Geophysical Union.
Paper number 80L0772. 0094-8276/80/0080L-0772$01.00 545 ural remanent magnet izatfon (NRM) differed greatly from the average. Mos t samples did not contain significant secondary components. When present, secondary components appeared to be simply viscous components which were almost a lways successfully removed by AF demagnetization to peak fields of 500 oe. Details of the AF demagnetization and other rock-magnetic properties will be published in a forthcoming paper.
Thermal demagnetizations were also carried ou t on selected samples. On the average, 28% of the NRM had blocking temperatures below 580°c, while the remaining NRM had higher blocking tempera-. tures. In all cases, the components of NRM with blocking temperatures greater than 58o 0 c wer e parallel to the lower blocking temperature components. These data suggest that bo th magnetite (or titanomagnetite)_ and hemitite are present as carriers of the NRM. The fact that secondary viscous components were successfully removed by AF demagnetization to 500 oe peak fie l d indicates that the secondary components are probably carried by low coercivity multidomain magnetite (or titanomagnetite).
On the basis of the above results on pilot samples, all samples were AF demagnetized at peak fiel ds of bo th 400 and 600 oe. For most sites, the NRM was found to be very stable and intensities of NRM before and after AF demagn etization average about 3xl0-4 gauss. For a given site, the demagnetization treatment yielding the highest k value was chosen as the appropriate cleaning level for that site . In general, no significant motion of the site mean NRM direction was observed between the two demagnetization treatments. Data from twentyfive of the twenty-six sites, which are all of reversed polarity, were used in the pole position analysis, while data from t he remaining site were rejected. The rejected site is characterized by anomalously high NRM intensities, large viscous component s which were not successful ly removed, and poorly determined mean directions . It is likely that this site was lightning-struck, as it occupies a promontory. A sunnnary of the final site mean results is given in Table 1 . Figure 1 is an equal area stereographic plot of the site mean directions.
The site mean directions are very tightly grouped and the completeness of sampling of secular variation is questionable. Development of soil profil es on the tops of several flows prior to extrusion of the subsequent flow indicates the presence of some time breaks during the extrusion of the sequence. The magnitude of these time br eaks is difficult to a ssess and it is possible that the sampled flows were extruded within a time span less than the longest per i odicities of secular variation. Nevertheless, the favorable comparison of the paleomagnetic pole from the Gringo Gu l ch Volcanics with the Paleocene pole of Jacobson et al. Table 2 and the pole p.ositi.on is illustrated in Figure 2 .
Comparison of this pole position fr.om the Gringo Gulch Volcanics with available data from the Cretaceous and lower Tertiary of North America has· several interesting implications. As shown in Figure 2 , the Gringo Gulch pole is significantly removed fr.om the pole .obtained by Butler and Taylor (1978) from comparable age sedimentary rocks of the Nacimiento Formation. However, Butler and Taylor (1978) speculated that the average directi.on .obtained fr.om the Nacimiento c.ould be subject to an inclination error. Fig. 1 Equal-area stereographic plot of site mean directions. All directi.ons shown are in the upper hemisphere. If present, the inclination error would yield a mean inclination which is too shallow, and correspondingly the calculated pole position would be displaced too far along a · great circle away from the observation locality. Indeed, the Nacimiento pole can be largely reconciled with the Gringo Gu~ch pole by moving the Nacimiento pole about 12 along a great circle towards the collection locality in the San Juan Basin, New Mexico. This observation suggests that the mean direction from the Nacimiento Formation is subject to an inclination error and that the Gringo Gulch pole is a better record of the lower Paleocene pole position. The Gringo Gulch pole is also in rather nice accord with the Paleocene poles from Montana as reported in the accompanying paper by Jacobson et al (1980) . Fig. 2 Lower Paleocene pole position derived from Gringo Gulch Volcanics. Also shown is the pole derived from the Nacimiento Forma_ tion with its larger conf idence oval . Dashed line is a great circle path from the Nacimiento pole to t he collecting site in the San Juan Basin. Ovals around poles are the 95% confidence ovals.
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The above data indicate that the episode of rapid apparent polar wander which occurred in latest Cretaceous to Eocene time had commenced before the early Paleocene. The onset of this episode of apparent polar wander is thus confined to a time coincident with. the onset of the Laramide orogeny . Initiation of this episode of app_ arent polar wander is almost certainly a reflection of changes in relative and absolute plate motions at the onset of the Laramide orogeny (Coney, 1978) .
